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VIDEO INPUT PROCESSOR IN
MULTI-FORMAT VIDEO COMPRESSION
SYSTEM

RELATED APPLICATION

This application claims priority under 35 U.S.C. § 119(e)
to U.S. Provisional Patent Application Ser. No. 60/309,239,
entitled “Video Processing System with Flexible Video
Format™, filed on Jul. 31, 2001, the subject matter of which
1s incorporated by reference in 1ts entirety herein.

BACKGROUND OF INVENTION

1. Field of the Invention

This 1nvention relates generally to video data processing,
and more particularly, to a video mput processor to pre-
process different formats of video data including video
format conversion, color space conversion, and multiple
video mput enhancement processing prior to video com-
pression.

2. Description of the Related Art

As digital video applications become increasingly popu-
lar, there 1s a strong demand that video processing technolo-
gies be capable of dealing with a wide vaniety of video data
or signals generated from different video sources.

For example, under CCIR (Consultative Committee for
International Radio) 601, a NTSC television system outputs
interlaced video signals at a resolution of 720x485 pixels
with a frame rate o1 30 ips (frame per second); a PAL system
outputs interlaced video at a resolution of 720x576 pixels
with a frame rate of 25 Ips. Another common video format
1s the YUV 4:2:2 mterfaced or progressive video, which 1s
typically 8 bit video stream. If the video source 1s a CMOS
sensor, the mput video may be in a RGB Bayer format.

Conventional video processing technologies often lack
the ability to process different video formats. For example,
in the area of digital video compression, conventional tech-
niques can only encode one specific format of video source
in most of circumstances. To compress input video 1n
different formats, conventional video compression tech-
niques have to design different hardware or software mod-
ules dedicated for processing each different format. For
example, 1f the video compression processor receives RGB
Bayer mput video, a specially designed hardware device
needs to be developed to convert RGB Bayer data into RGB
video; 1f the input 1s YUV iterlaced video data, another
specially designed hardware device has to be developed.
Such specially designed hardware devices make processing
different video data formats very expensive.

Further, conventional video processing technologies fail
to provide optimal video encoding methods. For example, in
the color space conversion field (1.e., converting RGB data
into YCrCb or YUV component video), a conventional
algorithm needs 12 clock cycles to complete the conversion
process. It 1s desirable to design a new algorithm that
requires fewer clock cycles to process and convert the video
data.

In addition, a video input processor in conventional video
processing systems does not have functions to enhance
video or adapt to video compression needs, such as video
filtering and video scaling.

Accordingly, what 1s needed 1s a video 1mput processor

capable of supporting multiple input video formats in a
cost-eflective manner and providing optimal algorithm for
color space conversion. There 1s also a need for a video 1mnput
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processor that provides multiple pre-compression process-
ing steps to enhance the video compression.

SUMMARY OF INVENTION

The present 1nvention overcomes limitations and disad-
vantages ol conventional video input processors used in
video compression systems. In one embodiment, the present
invention provides a video input processor including a
format converter and a color space converter.

The video mput processor 1s capable of handling multiple
input video formats without the need of extra hardware. The
format converter within the video input processor advanta-
geously converts RGB Bayer video signals into GRB 4:1:1
video signals; 1t also converts YUV (YCrCb) 4:2:2 video
signals, both progressive and interlaced video, into the YUV
4:1:1 video signals.

The video mput processor further provides color space
conversion to convert video data in RGB color space nto
YUV (or YCrCb) video using fewer clock cycles than the
conventional approach.

In additional embodiments, the video input processor
performs multiple pre-compression processing steps. The
video 1mput processor enhances the input video by filtering
high frequencies 1n mput video images. The video input
processor also uses scaling and interpolation techniques to
adapt to different video output requirements.

The features and advantages described 1n the specification
are not all iclusive, and particularly, many additional
features and advantages will be apparent to one of ordinary
skill in the art 1n view of the drawings, specification, and
claims hereol. Moreover, 1t should be noted that the lan-
guage used in the specification has been principally selected
for readability and 1nstructional purposes, and may not have
been selected to delineate or circumscribe the inventive
subject matter, resort to the claims being necessary to
determine such inventive subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of an embodiment of a video
compression system;

FIG. 2A 1s a block diagram of an embodiment of a video
input processor used in the video compression system 1n
FIG. 1;

FIG. 2B 1s block diagram of an embodiment of a main
processing block 1n the video input processor illustrated in
FIG. 2A;

FIG. 3A 1s a state diagram 1illustrating the operation of the
video 1nput processor;

FIG. 3B 1s a sub-state diagram 1llustrating the operation of
a format converter of the video input processor;

FIG. 3C 1s a flow chart showing a method for pre-
processing mput video data of the video compression system
in accordance with the present invention;

FI1G. 4 illustrates an embodiment of a format converter for
converting video format for the video input processor;

FIG. 5 1s a flow chart showing steps for converting video
inputs into a predetermined format;

FIG. 6A 1s a graphic representation of the mputs and
outputs for converting RGB Bayer video (GB data pattern)
into RGB video data 1n a format of 4(G) 1(B) 1(R) using the
format converter of the present invention;

FIG. 6B 1s a graphic representation of the mputs and

outputs for converting RGB Bayer video (GR data pattern)
into RGB video data 1n a format of 4(G) 1(B) 1(R) using the

format converter of the present invention;
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FIG. 6C 1s a graphic representation of the inputs and
outputs for converting RGB Bayer video (BG data pattern)
into RGB video data 1n a format of 4(G) 1(B) 1(R) using the
format converter of the present invention;

FIG. 6D 1s a graphic representation of the inputs and

outputs for converting RGB Bayer video (RG data pattern)
into RGB video data in a format of 4(G) 1(B) 1(R) using the
format converter of the present invention;

FIG. 7A 1s a graphical representation of a YUV 4:2:2
progressive pixel pattern;

FIG. 7B 1s a graphical representation of the inputs and
outputs for converting a YUV 4:2:2 progressive pixel data
signal mto a YUV 4:1:1 video data signal;

FIG. 8A 1s a graphical representation of a YUV 4:2:2
interlaced pixel pattern;

FIG. 8B 1s a graphical representation of the inputs and
outputs for converting a YUV 4:2:2 mterlaced pixel data
signal mnto a YUV 4:1:1 video data signal;

FIG. 9 15 a block diagram of an embodiment of a color
space converter;

FIG. 10 1s a flow chart of a method for color space
conversion;

FIG. 11 1s a flow chart of a color space conversion

algorithm for converting video data from the RGB color
space 1nto the YC C, (YUV) color space;

FIG. 12A 1s a representation of the mput video data in
YUYV format stored 1n the input data builer of the video input
Processor;

FIG. 12B 1s a representation of the mput video data in
RGB bayer format stored in the input data butlier of the video
input processor; and

FIG. 12C 1s a representation of the output video data
stored 1n the output data buller of the video mput processor.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Reference will now be made 1n detail to several embodi-
ments of the present invention, examples of which are
illustrated 1n the accompanying drawings. Wherever practi-
cable, the same reference numbers will be used throughout
the drawings to refer to the same or like parts.

Note that in describing different video formats, the YUV
video format 1s frequently mentioned and used throughout
the specification. It 1s common knowledge that YUV 1s a
video color model in which luminance information (Y) 1s
separated from chrominance information (U and V). Such
YUV wvideo components are often written 1n a variety of
ways: ()Y, R-Y,B-Y;(2)YC, C,and (3) Y P_P,, etc. The
tollowing description of YUYV video should be understood as
applied to all compatible and denvative digital video for-
mats.

FIG. 1 illustrates a video compression system 10 that may
be used to implement the video input pre-compression
processing 1n accordance with one embodiment of the
present invention. System 10 includes a processor-based
platform 11 (back end 11), a front end 13, a source 12, a
video mput processor 16, a memory device 22, a flash
memory 23, a host 25, a control bus 34 and a data bus 36.
Data from the source 12 i1s received by the video input
processor 16. The video 1mput processor 16 1s synchronized
with a pixel clock PCLK (not explicitly shown), which may
be operating at a low frequency, such as 27 MHz. A signal
line 14 allows the transfer of pixel data from the source 12
to the video mput processor 16. Every clock cycle, a pixel
can be mput through the signal line 14 with a valid pixel
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signal. Those skilled in the art will recognize that the input
timing can be controlled by the horizontal and vertical
synchronize signals.

The source 12 may be a multitude of devices that provide
a digitized video bit stream (data stream). One example of
a source device includes a Complementary Metal Oxide
Semiconductor (CMOS) device or Charge Coupled Device
(CCD) sensor like that used 1n a digital camera and PC
camera. Another source device that may work suitably well
with the present mnvention, and imncluded by way of example,
1s the Philips 711x video digitizer and processor chip. By
way of background information, 1n a digital camera, CCDs
can be analogized to operating like film. That 1s, when they
are exposed to light, CCDs record the intensities or shades,
of light as vaniable charges. In the field of digital cameras,
the charges are converted to a discrete number by analog to
digital converters. It will be recognized that other types of
sources capable of generating a digitized video bit stream
may work suitably well with the present invention, including
sources 1n the nature of a personal video recorder, a video-
graphics capture and processor board, and a digital CAM
recorder.

In general, the source 12 generates an uncompressed
video data bit stream on the signal line 14, which may be of
multiple formats. By way of example, the format of data
stream can comply with the CCIR (Consultative Committee
for International Radio, now ITU-R) 601 recommendation
which has been adopted worldwide for uncompressed digital
video used 1n studio television production. This standard 1s
also known as 4:2:2. Also, the data stream may be formatted
according to the parallel extension standard, namely CCIR
656 with PAL and N'TSC, which had been incorporated nto
MPEG as the Professional Profile. CCIR 656 sets out serial
and parallel interfaces to CCIR 601. Other suitable video
formats include: YUV 4:2:2 interlace; 8-bit YUV with
Vsysnc/Hsync/Fodd or Vrel/Hret format, interlace and pro-
gressive; 10-bit RGB Bayer with Vsync/Hsync CMOS sen-
sor format. The support size can vary from 352x288 to
720x480 (30 1ps) or 720x576 (25 1ps), while the support
input frame rate can vary from 10ips to 301ps.

It 1s noted that these values are provided by way of
example, and that the nvention 1s not limited to these
formats and parameters, and may work suitably well with
other types of formats and parameters. When the data stream
includes an audio component, the format of the data stream
could also be 1n IIS (inter IC signal) format. Of course, the
appropriate 1IS data rates, which typically are at speeds of
several Mbits/second, may be selected for transierring audio
data. It will be appreciated that CCIR 656 and IIS are only
examples of possible digital data formats, and that other
formats are equally possible. The video mput processor 16
includes necessary ports and circuitry to receive the incoms-
ing (video and/or audio) signal and to buller data from such
signal.

The base platform 11 1s preferably a general micropro-
cessor-based computing system. In one implementation, the
clectronics of platform 11 are implemented as a single ASIC
incorporating a processor 18, a bus and interrupt controller
20, the memory device 22 (which 1s shown as being external
to platform 11 1n FIG. 1), a memory device controller 24, a
multichannel (e.g., Direct Memory Access DMA) controller
26, an input/output (I/0O) interface 28, an extensible program
interface 30 and a scheduler 32. In particular, the processor
18 may be any suitable processor with on-chip memory for
encoding sub-sampled video signals, such as an Intel 1860
pixel processor, programmed to implement the motion esti-
mation and compensation techniques of the present inven-
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tion. Preferably through and according to one implementa-
tion, the processor 18 1s a RISC-based CPU capable of
controlling and coordinating the transier of blocks of data,
but not necessarily handling the wvideo processing. This
keeps manufacturing costs of system 10 low, which 1s
particularly beneficial when system 10 1s utilized 1n VLSI,
ASIC and System-on-Chip (SoC) applications.

By way of example, suitable general parameters for
choosing a low cost RISC CPU 18 include a 16-bit arith-
metic logic unit (ALU), an 18-bit instruction set, and an
operating speed of up to 100 MHz. Exemplary applications
suitable for the incorporation of system 10 include digital
video recorders, remote video surveillance systems, video
capture boxes, small portable handheld devices such as
digital cameras, multimedia-enabled cellular phones and
personal digital assistants (PDAs), and other media-based
devices and appliances. The (XRISC) bus and interrupt
controller 20 handles the workflow of the data and control
signals for the computing processes of CPU 18, including
for example, handling hardware and soiftware interrupts, as
well as those I/O signals generated.

The memory device 22 may be any suitable computer
memory device for storing picture data, such as a video
random access memory (VRAM) or dynamic RAM
(DRAM) device, under the control of memory device con-
troller 24. The memory device 22 may be integrated 1nto the
plattorm 11 or located externally thereto. In one embodi-
ment where the memory device 22 1s a DRAM, the control-
ler 24 1s selected to be a corresponding DRAM controller
performing the physical transfers of data between the
memory device 22 and the multichannel controller 26. In
this embodiment, the controller 26 may be a DMA controller
selected to accommodate any suitable number of DMA
channels used to transfer the retrieved video data mto
packed pixel format or planar bit maps, typically from the
memory device 22 to each data block for processing by the
MEC engine 38.

By way of example, the DMA controller 26 may use 8, 32
or any other number of channels, to transier data from the
DRAM 22 to each data block without necessarily utilizing
the processing resources of the CPU 18. In one embodiment,
the DMA controller 26 1s designed as a two-dimensional
controller, operating on at least an instruction of pre-speci-
fied length, along with a start command, and source address.
The multi-channel DMA controller 26 can include a plural-
ity of channels, each with configuration registers holding
information, such as the start address of data, the end address
of data, the length of data transierred, type of stop transfer
mechanism, and the source address of the data. Alterna-
tively, the multi-channel controller 26 may facilitate the
transier of data from the I/O block 28 to the MEC engine 38,
including by way of example, data from a host bus 21
coupled to the I/O interface 28.

The I/O iterface 28 couples the system 10 to various
external devices and components, referred to as hosts 25,
using a variety of data standards and formats. For example,
the I/O terface 28 can include an output format along host
bus 21 compatible with: a Peripheral Component Intercon-
nect (PCI) bus typically having a wider bandwidth than the
traditional ISA bus, and allowing peripherals to transfer data
at higher speeds; a Universal Serial Bus (USB) hardware
interface for low-speed peripherals such as the keyboard,
mouse, joystick, scanner, printer and telephony devices, and
also MPEG-1 and MPEG-2 digital video; IIC (nter IC
control); and Host Parallel Interface (HPI). These types of
ports 1 I/O interface 28 are only examples of possible port
data formats, and other formats are equally possible.
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I/O 1interface 28 can be coupled to a variety of different
hosts 25, including for example, PCs, applications supported
by network enabled systems, servers, high quality PC video
cameras for video conferencing, video recorders, video
capture boards for MPEG-1, MPEG2, MPEG-4, H.263 and
H.261, IP based remote video surveillance systems, video
capture boxes for time shifting purposes, network comput-
ing systems, mobile visual communication, wireless com-
munication by MPEG-4 over CDMA, and PDA enabled
with multimedia features. Hosts 25 may include driver level
transcoding software to convert the compressed stream of
data from I/O block 28 into MPEG-1, MPEG-2, MPEG-4,
H.263, by way of example.

Extensible program interface 30 enables data to be loaded
into the system 10 from a tlash memory device 23. A flash
memory device 23 typically stores its content without the
need for power, and unlike a DRAM, 1t 1s a non-volatile
storage device. Any number of suitable flash memory 23
devices may be used with the present invention, such as
digital film mm a PC card, a flash ROM, memory stick
formats, and SmartMedia.

The scheduler 32 1s coupled to the control bus 34 to
provide a timing mechanism for scheduling and enabling
activation of components 1n the system 10. An exemplary
scheduler 32 for enabling the scheduling and synchroniza-
tion of operations and data transfers at specific predeter-
mined times 1n an operational cycle 1s disclosed 1n com-
monly-assigned copending U.S. patent application Ser. No.
10/033,857, filed on Nov. 2, 2001, entitled “Video Process-
ing Control and Scheduling”, by Sha L1, et al., the subject
matter of which 1s herein incorporated by reference 1n its
entirety.

The video mput processor 16, the scheduler 32, the bus
and 1nterrupt controller 20 and multichannel controller 26
are coupled to one or both of the control bus 34 and the data
bus 36. According to one implementation, the data bus 36 1s
a DMA bus. However, the data bus 36 may be any suitable
digital signal transter device, including an Industry Standard
Architecture (ISA) bus, an Extended ISA (EISA) bus, a PCI
bus, or a VL bus. When the data bus 36 1s a DMA data bus,
after mitialization and during active capturing of the incom-
ing video signal, the DMA controller 26 requests the DMA
bus 36, and after acquiring the bus 36, will perform burst
writes of video data to the memory 22 to be described further
with the MEC engine 38. In the particular implementation,
the data bus 36 1s selected to be 36 bits, which 1s a suitable
width for VLSI, ASIC and SoC applications. It will be
recognized that overflow handling capability can be
designed with the controller 26 in the event that excessive
bus latency i1s experienced.

The front end 13 includes a motion estimation and com-
pensation (MEC) engine 38, a stream bufler 40, a discrete
cosine transformer (DCT) and mverse DCT unit 42, a
macroblock SRAM 44, buflers such as block SRAMs 41 and
43, a quantizer and dequantizer 46, and a variable length
coding (VLC) encoder 48. The DCT/IDCT 42 provides
block-based orthogonal transformation of a block of picture
clements to a matrix of spatial frequency coetlicients 1n
order to reduce spatial redundancy, typically after motion
compensation prediction or interpolation. By way of
example, the internal accuracy of the DCT/IDCT 42 can be
17 bits, with a DC'T output saturated to 8 bits or 12 bits.

One aspect of the DCT/IDCT 42 1s to provide a very small
error over the i1deal floating model, and to reduce the
mis-match of decoding function to be as small as possible.
The quantizer/dequantizer 46 provides further data compres-
sion when mapping the data to a representation that strips
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away unnecessary mformation, in general, based on zigzag
scans over the macroblock. The macro-block SRAM 44 1s a
memory device for storing the picture data used by the front
end 13. The block SRAMSs 41 and 43 are shown as separate
modules 1 FIG. 1, but may be part of the same component,
and are generally used to store block data at various stages
of the encoding process. Where the MEC engine 38 needs to
share on-chip SRAM with other modules (e.g., DCT/IDCT
42), a programmable scheduler may be included to schedule
the various processes accordingly.

In FIG. 1, a general block diagram i1s provided for the
DCT/IDCT and quantization and dequantization function-
ality. Those skilled in the art will recognize that these
functions may be provided i a variety of ways. For
example, the output of the discrete cosine transformer 42 1s
quantized. An output of the quantizer 46 can be recon-
structed through the nverse quantizer 42, and provided
through the mverse DCT 42 for storage in memory, like the
macro-block SRAM 44. The general purpose of subjecting,
the output of the quantizer 46 through inverse quantization
and mverse DCT 42 1s to detect whether a diflerence
macroblock 1s lossy. When data 1s summed with the output
of the MEC engine 38 along with dedicated object-based
motion prediction tools (not shown) for each object, a lossy
version of the original picture can be stored 1n the SRAM 44.
Those skilled 1n the art will appreciate that motion texture
coding, and DCT-based texture coding (e.g., using either
standard 8x8 DCT or shape-adaptive DCT) may also be
provided with the front end 11. It 1s noted that the DCT/
IDCT 42 and the quantizer/dequantizer 46 not only provide
the above functions during the encoding process, but also are
capable of emulating a decoder for the reconstruction of
frames based on receiving the reference frames along with
the motion vectors. To this end, the functional blocks 3848
are capable of operating as a codec.

The VLC encoder 48 provides lossless coding to assign
shorter code words to events occurring frequently and longer
code words to events occurring less frequently. The use of a
VLC 1s typically usetul for reducing the number of bits used
during encoding and video compression of motion data. The
transform coeflicients are quantized and the quantization
label encoded using a variable-length coding.

Those skilled 1 the art will recognize that the blocks of
FIG. 1 are functional blocks that may be implemented either
by hardware, software, or a combination of both. Given the
functional description of these blocks, those of ordinary skill
in the art will be able to implement various components
described using well-known combinational and/or sequen-
tial logic, as well as software without undue experimenta-
tion. Those skilled 1n the art will recognize that the present
invention 1s not limited to the video compression system
described above, but 1s applicable to any video processing
system.

Reference 1s now made to FIG. 2A to further describe an
embodiment of the video iput processor (“VIP”) 16. In the
embodiment of FIG. 2A, similar reference numerals are used
for common components already described, primarily for
convenience.

In accordance with the present invention, the VIP 16 1s
capable of converting mput video signals of different for-
mats 1nto a same format. For the purpose of the description
of the present invention, the format refers to a ratio between
the different video components of the input video data, e.g.,
the primary color components, Red, Green or Blue, or the
luminance component Y or chrominance components U, V
(Cr, Cb). As shown 1n the table below, irrespective of the
video format of the mput video generated by the source 12,
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the VIP 16 uses the same hardware architecture to convert
input video of different formats into a similar YUV 4:1:1
format, which 1s often preferred by most video compression
systems. The VIP 16 1s also capable of using a plurality of
techniques to pre-process the input video signals from the
source 12 to achieve desirable output video signals. For
example, a preferred embodiment of the VIP 16 can perform
sub-windowing, video scaling and video filtering operations
upon the mput video signals recerved from the source 12. All
these operations can either adapt to video output require-
ments or lessen the computing burdens in subsequent video
compression stage.

Video output signal of
the VIP 16

Video mmput signal received
from the source 12

RGB Bayer YUV 4:1:1
YUV 4:2:2 interlaced YUV 4:1:1
YUV 4:2:2 progressive YUV 4:1:1

As shown in FIG. 2A, the VIP 16 includes a sensor
interface block 57, a main process/control block (“main
block™) 300, an input data bufler 56, an output data bufler
53, a filtering/output block 34, a scheduler intertace 305 and
a CBUS register block 307.

The sensor interface block 57 1s coupled to the source 12
through a signal line 14 to receive mput video signals. The
sensor interface block 57 saves the input video signals 1nto
the mput data buller 56 through a signal line 199. The input
data bufler 56 i1s coupled to the main block 300 through a
signal line 200. The main block 300 loads the mput video
signals stored in the bufler 56 via the line 200 and performs
pre-compression processing as described below 1n detail. To
output the results of pre-compression processing, the main
block 300 1s coupled to the output data bufller 35 through a
signal line 203 and saves the results into the output data
bufler 55. The output of the VIP 16 will eventually be loaded
into the filtering/output block 54 via a signal line 317 and be
sent to the data bus 36 through a signal line 319. The output
of the output data bufler 55 i1s also sent back to the main
block 300 via signal line 317 so that the main block 300 may
use the data from the output data bufler 55 to calculate a QY
value and to perform scaling functions as described 1n more
detail below.

Corresponding to the data flow as described above, the
control of the pre-compression process 1 the VIP 16 is
mainly accomplished through CBUS register block 307 and
the scheduler mtertace 305. The CBUS register block 307
receives control signals from the control bus 34 and also
sends information to the control bus 34. Additionally, VIP 16
sends mterrupts from the sensor interface block 57 and the
filtering/output block 54 on signal lines 3235 and 327 respec-
tively to the control bus 34. These interrupt signals are then
received from the control bus 34 and processed by the
XRISC Bus§ and Interrupt Controller 20. The CBUS reg-
1ster block 307 1s also coupled to an internal control bus 321.
The sensor interface block 57, the main block 300 and the
filtering/output block 54 are all coupled to the internal
control bus 321 to receive control information from the
CBUS register block 307 as will be further described below.

The scheduler interface 305 1s coupled to the scheduler 32
of the system 10 to receive scheduling commands through a
signal line 326 from the control bus 34. The scheduler
interface 305 1s then coupled to the main block 300 via a
signal line 301 and coupled to the filtering/output block 54
via a signal line 323 respectively. As will be further
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described, the scheduler interface 305 will deliver informa-
tion to the two blocks 300 and 34 dictating time windows for
cach block’s operation.

Internally, the main block 300 1s coupled to the sensor
interface block 57 via a signal line 311 to read signal-valid
information for coordinating its pre-compression process-
ing. The main block 300 also communicates with the filter-
ing/output block 54 through a signal line 309. As will be
further described, the main block 300’s state machine will
send signals to coordinate the operation of a sub-state
machine within the filtering/output block 54.

More specifically, the sensor interface block 57 contains
a FIFO mput address generator block (not shown in FIG.
2A), which directs the mput video data to be stored in the
input data butler 56. The FIFO mnput address generator block
can also provide read address via 328 to the main block 300
upon 1its request, allowing the main block 300 to load the
stored video data for processing. The sensor interface block
57 may also send an interruption signal on line 325 to the
XRISC Bus and Interrupt Controller 20 1n situations such as
when the block 57 receives over-speed mput pixels from the
source 12 or any other conditions as predetermined by the
system 10.

Preferably, the sensor interface block 57 1s capable of
sub-windowing input video signals recerved from the source
12. The conventional video source 12 often lacks the ability
to adjust the 1image size of the video that 1t generates. The
sensor interface block 37 compensates for this deficiency by
enabling 1mage cropping belfore the input video signals are
stored 1n the input bufler 56. For example, each frame of the
iput video 1s 1n a resolution of 640x480 pixels, but only a
smaller area of the video frame, e.g., 500x400 pixels, will be
compressed. In this example, the sensor interface 57 scans
cach row of the input video and only allows the video data
corresponding to a selected area to be stored to the butler 56.
The size of the selected area and the starting pixel on the
frame are determined by control signals received from the
CBUS register block 307. Upon completion of sub-window-
ing a frame, the sensor nterface 57 may notily the CBUS
register block 307 via line 329 to increase the frame number
to process the next frame. By sub-windowing the input video
signals, the VIP 16 enables the video compression system 10
to work with a wide variety of video sources having different
video capturing capacity. It also results 1n a substantial
reduction of video data to be compressed.

The mput data bufler 56 stores the output of the sensor
interface block 57. In one embodiment, the mput data bufler
56 1s a 4-line SRAM and each line in the buller 56 1s 1n a size
of 8x1024 bytes. Thus, every line stores a complete row of
an mput video frame. FIG. 12A shows an example of using
the bufler 56 to store 2 rows of a YUV 4:2:2 interlaced input.
(Y, U and V each will occupy a single line in the butler 56.)
In one approach, the data 1s input 1into the butler 56 under the
control of the video FIFO controller 1n the sensor interface
block 57. FIG. 12B exemplifies an example of storing 4 rows
of RGB Bayer data in the input data bufler 56. For the RGB
Bayer format, 1t 1s known that each pixel is represented only
by one of the color components Red, Green or Blue.

The data stored 1n the bufler 56 1s further loaded into the
main block 300. In a preferred embodiment, the core func-
tions of the main block 300 include video format conversion,
color space conversion and video scaling. As will be
described in detail, the main block 300 advantageously uses
the same hardware configuration to deal with input video
signals of different format. As a result, the output of the VIP
16 achieves a umiform video format for the ensuing video
compression stage irrespective of the mput video format. In
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accordance with another aspect of the present invention, the
main block 300 1s also capable of computing important
parameters QY that will be used in MEC 38. QY 1s typically
calculated as the average value of a 4x4 block of Y pixels,
and will be discussed 1n further detail below. According to
the commonly assigned and co-pending U.S. patent appli-
cation Ser. No. 09/924,079, entitled “Cell Array and Method
of Multiresolution Motion Estimation and Compensation”,
which 1s incorporated by reference 1n 1ts entirety, a prelimi-
nary motion vector 1s determined by searching on a smaller
picture size (1.e., subsampled pixels at a size of Q) of an
entire video frame. It 1s usetul to provide QY to the MEC
engine 38 to facilitate the motion estimation and compen-
sat1on process.

The output of the main block 300 1s stored in the output
data butler 35. In one embodiment, the output bufler 55 1s a
64x1024 byte buller with an 8x8 partial write enabled. Each
part of the buller 55 (8bx768) of Y area stores a complete
row of output Y (maximum 720 pixels). Each part (8bx768)
of UV area stores a complete row of output UV (maximum
720 pixels, interleaved). Each part (16bx256) of QY area
stores a complete row of output QY (maximum 180 pixels).
FIG. 12C exemplifies an example of the data stored 1n the
output data bufler 55.

The filtering/output block 54 reads data from the output
data butler 55, provides the data to the data bus 36 via 319,
which can be recerved by the memory device 22 under the
control of the DMA controller 26. The detail of the control
of DMA controller 26 and DMA channels 1s disclosed 1n the
commonly-assigned copending U.S. patent application Ser.
No. 10/033,324, entitled “MurtipLE CHANNEL Data Bus Con-
TROL For VIDEO PrOCESSING”, by Sha Li, et al., the subject
matter of which 1s herein incorporated by reference 1n its
entirety. In a preferred embodiment, the filtering/output
block 54 performs filtering operations betfore the output data
1s sent to the data bus 36. The filtering/output block 54 can
use various video enhancement techniques to process the
video data stored in the output builer 55. For example, the
filtering/output block 54 may include low pass filters to
remove high frequencies in the input video signals. Such
high frequencies are usually hard to compress 1n video
compression stage. By doing so, the filtering/output block 54
may improve the quality of video compression for the video
compression system 10.

The CBUS register block 307 contains a plurality of
parameter registers, which are programmed by the XRISC
18 to control the VIP 16’s behavior. In one implementation
approach, there are 16 16-bit parameter registers, providing
working mode configuration parameters of the VIP 16. For
example, one parameter register corresponds to scheduler
setup parameter, which indicates a description of various
output tasks of the VIP 16. One set of parameters includes
sensor setup parameters, which specity the features of the
source 12, such as what kind of video format the source 12
provides, YUV interlace or RGB bayer, etc. These registers
may not change for a fixed device system 10 and may be set
up only at a boot-up stage.

Another set of the parameters includes video initial con-
figuration parameters, such as a sub-windowing enabling
signal and a video scaling enabling signal. These parameters
may be changed for different encoding task initializations
and may also be set up at the boot-up stage. Other sets of
such parameters 1n the block 307 may include run-time
configuration parameters and control signals. These param-
cters may be changed during an encoding task and as a
result, they may be set at any time by the XRISC 18. In
addition, the block 307 can also contain control parameters
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such as sub-windowing starting and finishing positions, and
video scaling parameters. To program the registers described
above, the XRITSC 18 controls the communication process
between the control bus 34 and the registers in the block 307.

The scheduler interface 305 1s coupled to the CBUS block
307. During the operation, the scheduler interface 3035
selects a task descriptor from a CBUS block 307 register
based on a scheduler command, which should indicate an
output task of the VIP 16. The scheduler interface 305 then
notifies a main state machine, which 1s preferably located at
the main block 300. Such main state machine controls the
time 1information for the different components in the VIP 16.
In one implementation, the VIP 16 works in 3 kinds of time
domains: the sensor interface block 37 preferably keeps
working all the time to process the input video signals; the
main block 300 only works during non-output windows,
which are assigned by the scheduler 32 through the sched-
uler interface 305; and the filtering/output block 54 only
works at an output time window based on the commands of
the scheduler. The detailed description of the scheduling
process 1s disclosed 1n the commonly-assigned copending,
U.S. patent application Ser. No. 10/033,857, entitled “Video
Processing Control and Scheduling”, by Sha Li, et al., the
subject matter of which 1s herein incorporated by reference
in 1ts entirety.

FIG. 2B 1s a block diagram 1llustrating an embodiment of
the main block 300. The main block 300 includes a main
state machine 50, a format converter 51, a color space
converter 52 and a scaler 53. The main state machine 50 1s
coupled to the format converter 51, the converter 52 and the
scaler 53. To recerve control signals from the control bus 34,
the main state machine 350 1s coupled to the CBUS register
block 307 through the signal line 315. The main state
machine 50 1s also coupled to the scheduler interface 305
through a command line 301 to recerve output task infor-
mation. The main state machine 50 1s further coupled to the
sensor interface 57 to receive real-time operation status
information via the line 311. To coordinate the operation of
the filtering/output block 354, the main state machine 50 1s
also coupled to the filtering/output block 54 to send control
signals to a sub-state machine located at the filtering/output
block 54.

The format converter 51 1s coupled to the input data bufler
56 through the signal line 200 and loads video data from the
input data bufler 56 for format conversion. In one preferred
embodiment, the format converter 51 handles the conversion
from RGB bayer to GBR 4:1:1 format, and de-interlaces the
YUYV 4:1:1 interlaced signal. The format conversion sub-
stantially reduces the amount of video data required to be
processed 1 video compression and also improves the
elliciency of the ensuing color conversion process. Deinter-
lacing helps to generate a YUV 4:1:1 video data based on
any mput YUV 4:2:2 signal. Such a YUV 4:1:1 video data
1s preferred by many video compression technologies, e.g.,
MPEG 1 and MPEG 2, because of 1ts good resolution and
data bandwidth. By doing so, the format converter 51
enables the VIP 16 to use a streamlined architecture to cope
with multi-format video data and to convert them into
preferred digital video format prior to video compression.

The video data after format conversion 1s subsequently
transierred to the color space converter 52 through a signal
line 201 for RGB-to-YUYV color space conversion under the
control of the state machine 50. The color space converter 52
may use a conventional algorithm to complete the RGB-to-
YUV processor. In a preferred embodiment however, the
color space converter 52 uses a new algorithm to convert
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described below. If the output of the format converter 51 1s
already 1n YUV 4:1:1 format, the video data will not need
color space conversion. Under the control of the state
machine 50, the YUV video data instead directly passes

through the color space converter 52 and 1s received by the
scaler 53 through a signal line 202.

The scaler 33 may be of a conventional nature. Specifi-
cally, the scaler 53 may perform horizontal and/or vertical
scaling. In a-preferred embodiment, the scaler 53 also
handles calculating QY for the use of MEC engine 38. The
scaler 53 stores 1ts output through the signal line 203 1n the
output bufler 55. More specifically, the scaler 53 1s adapted
to the needs of the VIP 16. The scaler 53 receives control
signals from the state machine 50 and the CBUS register
block 307 to perform horizontal or vertical scaling opera-
tions. The scaling process results 1n substantial benefits in
reducing data computing tasks in the video compression
process. For example, the output 1mage size of compressed
video only needs to be 320x240 pixels while the image size
of the sub-windowed input video 1s 500x400 pixels. In this
situation, the scaler 33 scales the input video data propor-
tionally so that the video compression does not need to
process all of the 500x400 pixels on the mput video. In one
approach, the scaling process 1s implemented using digitiz-
ers to average or filter neighboring pixels or lines with
multitap filters.

In another embodiment, the scaler 33 zooms video picture
according to actual output requirements. The zooming can
be done by doubling or quadrupling pixels and lines pro-
ducing strong pixelization and jaggies. In another approach,
interpolation techniques can be used to interpolate missing
pixels by averaging their surrounding pixels. By doing so,
the scaler 53 enables the VIP 16 to provide more functions
for the entire video compression system 10. Utilizing pixel-
doubling, pixel-quadrupling, or interpolation techniques
during scaling 1s known and one skilled in the art will
recognize that other scaling techniques may also be used in
scaler 33 without exceeding the scope of the present mnven-
tion.

Still 1n another embodiment, the scaler 53 computes and
outputs a value referred to as QY. The QY 1s used by the
Motion Estimation and Motion Compensation (MEC
Engine) 38. As mentioned above, the detailed description of
the parameter 1s described in the U.S. patent application Ser.
No. 09/924,079, entitled “Cell Array and Method of Multi-
resolution Motion Estimation and Compensation™, filed on
Aug. 7, 2001, which 1s mncorporated by reference in 1its
entirety. As noted above, QY 1s calculated as the average
value of 16 Y pixels.

FIG. 3A 1s a state diagram 1llustrating various states used
by the main state machine 50 to control the operation of the
main block 300. The state machine 50 1s placed at an idle
state 400 while waiting for an enabling signal from the
CBUS register block 307. The state machine 50 initializes
the main block 300 after being enabled (state 401). This state
may include loading information from corresponding regis-
ters at the block 307. The state machine 50 then proceeds to
process video data at a new line (state 403). If the scheduler
32 sends a command to the state machine 50 dictating that
current state 1s for output window time, the state machine 50
suspends the operation of the main block 300 (state 405).
Simultaneously, the state machine 50 initiates a new state
407 to allow the filtering/output block 54 to process the data
currently stored in the output bufler 35. Such state informa-
tion may be received by the sub-state machine within the

block 54 via the signal line 309.
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After the output data 1s filtered and sent to the data bus 36
by the block 54, the state machine 50 resumes the operation
of the main block 300 once the scheduler 32 assigns a
non-output window time (state 406). During the non-output
window time, the state machine 50 1ssues control signals to
the format converter 51, color space converter 52 and scaler
53 to process video data blocks from the iput buller 56.
FIG. 3A illustrates a pipeline formed from states 409, 411,
413, 415, 417, and 419. As discussed above, there are three
separate functions implemented 1n one embodiment of the
present mvention. These functions are format conversion,
color conversion and scaling as required by the specific data
and output.

Starting on a new line (following the progress of states
403 to 405 to 406 as illustrated 1n one embodiment), the state
machine loads a first block of the video data 1n state 409. In
the next state 411, 11 the first block requires format conver-
sion, 1t 1s converted to GBR 4:1:1 format. In an alternate
embodiment, the format converter 51 may be used to convert
a YUV 4:2:2 block mto YUV 4:1:1. State 411 also loads a
second block of video data. If the input video data does not
require format conversion, the state machine 50 may skip
state 411 and will not instruct the format converter 51 to
convert any of the video data.

State 413 loads a third block of video data, format
converts the second block of video data as required, and
converts the color space of the first block of video data into
a YUV 4:1:1 format via color space converter 52. If the first
block does not require conversion mto YUV 4:1:1 format,
then state 413 may be skipped, and the color space converter
52 would not be used.

State 415 represents the state when every required part of
the VIP 16 1s actively processing a video data block. In one
embodiment, this means that data 1s being loaded, format
converted, color space converted, and scaled. Initially, state
415 loads a fourth block of video data, converts the format
of the third block as required, converts the color space of the
second block and scales the first block via scaler 33 as
required. Additionally, a QY value may be generated based
on the first block. State 415 1s repeated with each successive
block moving through the pipeline until the video data 1s
almost completely processed.

When two blocks are left, the state machine 50 may enter
state 417. State 417 may be considered a “finish up state” 1n
which the VIP 16 begins to finish processing the data in the
pipeline, but does not continue to fill the pipeline. As a
result, the format converter 51 1s not needed and may be
disabled. At this point, no additional data is loaded, and no
turther blocks are format converted. Assuming there are n
blocks 1n the video data, with the nth block being the final
block, then 1n state 417 the n—1 block 1s scaled while the nth
block 1s color converted. The state machine 50 then transi-
tions to a second “fimish-up™ state 419 where the nth block
1s scaled and the state machine 50 transitions back to state
403 to begin a new line as required.

Note that during the above-described states 409419, the
state machine 50 may suspend each state when the output
time window starts and may resume each state when the
non-output time window starts. During the output window,
the state machine 50 may send a control signal to transier the
scaled data to be stored into the output bufler 35. As
discussed above, this data may also be filtered.

FIG. 3C 1s a flow chart illustrating an embodiment of
pre-compression steps performed by the VIP 16 1n accor-
dance with the present invention. The steps illustrated 1n
FIG. 3C occur for each block of data. When the VIP 16
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cropped and then stored in the 1nput bufler 56. This results
in a substantial reduction of video data to be compressed.
After sub- WlIldOWlIlg video data, the video data stored 1n the
bufler 56 1s loaded into the format converter 51 for video
format conversion 62. As mentioned above, the mput RGB
Bayer format 1s converted ito 4(G) 1(R) 1(B); the mput
YUV 4:2:2 mterlaced video data will be converted into YUV
4:1:1 format; the mterlaced YUV input video 1s also de-
interlaced; and the YUV 4:2:2 progressive input video 1s
converted mto YUV 4:1:1 video.

I1 the video data output by the format conversion 62 1s still
in RGB format, the RGB video data 1s converted 63 into
YUYV color space. As described below 1n detail, a method 1s
provided in the color space converter 52 to simplify the
conventional color space conversion algorithm. As a result,
the present invention eﬁectlvely improves the efliciency of
the color space conversion and reduces the hardware or
soltware implementation requirements.

The video data n YUV color model may be further
enhanced or changed according to the needs of video
compression or output requirements. The video scaling step
64 1s provided to scale the output video 1images to a smaller
size. In an alternate embodiment, the scaling step 64 pro-
vides for zooming video picture on playback.

In accordance with the present invention, there i1s also
provided a step 66 of generating the special value QY {for
motion estimation and compensation. As mentioned above,
the detail of the use of the QY 1s described 1n the U.S. patent
application Ser. No. 09/924,079, entitled “Cell Array and
Method of Multiresolution Motion Estimation and Compen-
sation”, which 1s 1ncorporated hereimn by reference in its

entirety.

Further, a video filtering step 63 reduces sharp edges 1n
any 1mput video 1mages to improve the quality of the video
images. The processed video data will have a lower SNR
(s1ignal noise ratio) so that the following video compression
can be more efliciently performed.

FIG. 4 now 1illustrates an embodiment of the format
converter 51. The format converter 51 includes a storage
clement 67 and a logic element 84. In one embodiment, the
storage element 67 includes 16 data reglsters 420435 to
store data loaded from the mput data bufler 56. The storage
clement 67 also includes 4 multiplexers (MUXS) 8588
coupling the data registers 420435 with the logic 84. The
logic 84 includes comparers 90a, 905, 90¢ and 90d, com-
parison registers BP_La 436, BP_Sa 437, BP_Lb 438,
BP_Sb 439, and a mean generator 83. The four comparers
90a-90d, registers 436-439 and the mean generator 83
receive data from the storage element 67 and operate to
perform format conversion as described below.

As an example, in F1G. 4, registers 420435 store data for
16 RGB Bayer pixels. Each register stores 8 bits of data. As
mentioned above, each pixel 1s represented by one of the
color components, R, G or B 1n a typical RGB bayer pixel
pattern. The data stored in the registers 420-435 1s loaded
from the data butier 56 through the signal line 200 and will
be selectively transierred to the logic 84 through the MUXS
85-88.

In particular, each of the registers 420-435 is coupled to
the MUXS 85-88 through an 8-bit wide signal line. Thus,
the overall data mput to each MUX 85-88 1s concatenated
128-bit wide data stream. As will be described below, at an
operational sub-state of the format converter 531, each MUX
85, 86, 87, 88 will recerve a control signal to select a portion
of the 128-bit data stream corresponding to one of data
registers 420435 to enter the logic 84 for processing.
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To receive data from the registers 420435, the logic 84
has four imputs 68—71 coupled to the MUXS 8588 respec-
tively. Specifically, the inputs of the comparer 90a and 905
are respectively coupled to the four MUX 85-88. As shown
in FI1G. 4, the input 68 of the comparer 90a 1s coupled to the
MUX 85 and the input 69 coupled to the MUX 86. The input
70 of the comparer 906 1s coupled to the MUX 87 and the
input 71 of the comparer 905 coupled to the MUX 88.

Further, within the logic 84, the register BP_La 436’s
input 1s coupled to the comparer 90a’s output 72 and the
BP_Sa 437 s iput 1s coupled to the comparer 90a’s output
73. In one embodiment, the BP I.a 436 stores the data that
1s larger between the inputs 68 and 69 and the BP_Sa 437
stores the data that 1s smaller. Likewise, a first output 74 of
the comparer 905 1s coupled to the register BP_Lb 438 and
a second output 75 of the comparer 906 1s coupled to the
mput of the register BP_Sb 439. In one embodiment, the

BP_Lb 438 stores the larger value between the mputs 70 and
71 and the BP Sb 439 stores the smaller value.

Still referring to the logic 84 1n FIG. 4, the BP_La 436 1s
coupled to a first input of the comparer 90¢ through a signal
line 76 and the BP_Lb 438 is coupled to the comparer 90¢’s
second input through a signal line 77. The comparer 904’ s
two 1nputs are respectively coupled to the BP_Sa 437 and
the BP_Sb 439 through signal lines 78 and 79. The com-
parers 90c and 90d4’s outputs 80 and 81 are respectively
coupled to the mean generator 83. The output of the mean
generator 83, 1.e., the output of the logic 84, 1s coupled to the
color space converter 52 through the signal line 201.

With respect to control signals received by the format
converter 51, FIG. 4 shows that the storage element 67
receives a control signal from the CBUS register block 307
via line 315, a latch signal from the state machine 50 via line
450, and other control signals, including any necessary
parameters from the parameter register from the state
machine 50 via line 451.

The control signal from the CBUS register block 307 may
contain mformation from its parameter registers such as (1)
whether the input data from the bufler 56 1s YUV or RGB;
(2) whether the video data 1s YUV terlaced or progressive;
and (3) whether the RGB Bayer video 1s 1n a data block of
GB, GR, BG, or RG.

The state machine 50 sends latch signals to the registers
420435 to load data from the input data bufler 56 to the
registers 420—435. The addresses of the data can be provided
by the sensor interface 57 via 311. Other control signals
from the state machine 30 includes signal indicative of
sub-states that are used to perform each step of format
conversion as illustrated below in more detail. The control
signals from the state machine 50 may also include signals
indicative of block information of the mput video signals,
e.g., whether a YUV 1nterlaced block starts from an even or
an odd double-line.

To determine which of the 16 RGB Bayer pixels in
registers 420435 are sent to the logic 84, the MUXS 8588,
cach of which 1s coupled to all of the 16 data registers
420435, receive control signals 440443 respectively from
the state machine 50 to select data. In one example, the
MUX 835 receives the control signal 440, which indicates a
register from 420—430 that should send data to the comparer
904 through the 1nput 68. As will be further described below,
the control signals 440-443 enable a selection of diflerent
combinations of iput video data to perform the format
conversion, including RGB bayer processing and YUV
deinterlacing.

According to the present invention, the logic 84 imple-
ments an algorithm of the format conversion. In one embodi-
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ment, the logic 84 1s a mix of low pass and high pass filters.
The logic 84 compares the data value on the four inputs
6871 sclected by the MUXS 85-88 to filter out the highest
and the lowest value of the input video data. The remaining
intermediate values are averaged to generate an output of the
logic 84. In other words, the logic 84 1s designed to
implement a function f(a, b, ¢, d)=(b'+c")/2, where {a', b, ¢',
d'} is rearranged from {a, b, ¢, d} meeting the condition
a'>=b'>=c'>=d' or a'<=b'<=c'«=d'. The variables a, b, ¢ and
d 1n the function T correspond to the data on respective iputs
68, 69, 70, and 71. The vaniables b', ¢' correspond to the
inputs 80 and 81 that are coupled to the mean generator 83.
The output of the format converter 51 corresponds to the
result of the function 1, 1.e., the value of (b'+c')/2.

Note that the four mputs 68—71 are used to 1illustrate the
process 1n FI1G. 4, which correspond to the four variables a,
b, ¢ and d 1n the function f. This does not limit the number
ol variables 1n the function 1. Nor does 1t limit the logic 84
to selecting only four inputs. Alternate embodiments may
contain more than 4 mputs to generate an output by com-
paring the input video data and generating an average value
of the mtermediate values of the mput video data.

By way of example exemplifying an implementation of
the function f through the logic 84, consider four pixel
values D0, D1, D2, and D3, where D0>D1>D2>D3. The
comparer 90a compares the first two video pixels, e.g., DO
and D1, received on the mputs 68 and 69 and outputs the
greater one between D0 and D1 for storage in the register

BP_I.a 436 and outputs the smaller one to the register BP_Sa
437. Assuming D0 1s greater than D1, the BP_La 436 stores

D0 and BP_Sa 437 stores D1. The comparer 905 compares
the remaining two video pixels on inputs 68 and 69, e.g., D2,

D3, and then outputs the greater number to the register
BP_Lb 438 and the smaller one to the register BP_Sb 439.

Assuming D2 1s greater than D3, the BP_Lb 438 stores D2
and the BP_Sb 439 stores D3. Further, the comparer 90c¢
compares D0 and D2 upon receiving data from its inputs 76
and 77. Assuming D0 1s greater than D2, the smaller of the
two iputs 76 and 77, D2, 1s sent to the mean generator 83
through the output 80. The comparer 904 compares D1 and
D3 upon recerving data from 1ts inputs 78 and 79. Assuming
D1 1s greater than D3, the greater of the two mputs 78 and
79, D1, 1s output to the mean generator 83. The mean
generator 83 therefore generates an average value of the
iputs 80 and 81, 1.e., the average of D1 and D2.

Note that 1n the case where any input data to be compared
by the comparers 90a-90d are equivalent, the comparers
904904 may be configured to select any of the equivalent
iputs as 1ts outputs to registers 436-439 or the mean
generator 83.

To exemplily the video format conversion in more detail,
FIGS. 6A-6D, 7TA-7B and 8A-8B will be now used to
describe several examples of performing a video format
conversion.

FIG. 6 A graphically illustrates an example of converting,

RGB Bayer pixel data in GB data pattern into 4(G):1(B):1
(R) video data. As shown in FIG. 6A, a 2x2 RGB Bayer
pixel data block 97a 1s to be converted mto a GRB 4:1:1
format. In one approach, to obtain the G(4):B(1):R(1) ratio,
a 4x4 RGB Bayer pixel block 954 1s loaded from the mput
data bufler 55 and stored in the registers 420-435 of the
format converter 51. For the RGB Bayer pixel block 9354,
cach pixel 1s represented by a Green, Red or Blue compo-
nent. As shown in FIG. 6A, a new GRB 4:1:1 data set 1s
generated out of the RGB Bayer data. In one approach, the
format converter 51 generates the 4(G)1(B)1(R) as follows:
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G'o=fG2 G2 Gia G12)=G 5 (1)

G'11=AG 2 Go1, Gio Goy)s (2)

G'5=AG 12, Go1, Gao Go3); (3)

G5, =Gy, Goy, Goy, Go)=Goy; (4)

B'=fB,,, By, B3 B3y); (5)

R'=f(R55, Rys, Ry, Rgo). (6)

As understood above, the variables 1n the function { are
selected from the registers 420—433. Each result in the above
(1)—(6) 1s an output of the format converter 51 1n response
to the inputs from the registers 420-435.

In one preferred embodiment, to perform the format
conversion 1 (1)—(6), the state machine 50 may use 11
sub-states to complete the format conversion for the block
95a. With reference to the sub-state diagram in FIG. 3B,
there 1s 1llustrated an 11-state process for the format con-
version. In the sub-idle state 500, the format converter 51
waits until it receives a control signal from the state machine
50 to enable format conversion. In sub-state 501, the format
converter 51 reads setup control information from the CBUS
register block 307 and from the state machine 30. In
sub-state 502 and 503, the registers 420435 are controlled
by latch enable signals from the state machine 50 to load
data from the mput data bufler 56. For example, 1n the
sub-state 502, Ry, G0, Rsgs Gi0s Gy Byys G, and B, are
respectively loaded into the registers 420-427; 1n the sub-
state 503, R,,, G;,, R,,, G;,, Gy;, B, G,; and B;, are
respectively loaded into the registers 428435,

After the data of the block 954 1s loaded into the registers
420435, the function 1 as shown 1n (1)-(6) will be per-
formed 1n each of the sub-states 504-507 to generate the
desired value. More specifically, in the sub-state 504, to
generate (G',, according to formula (1), the MUXS 85-88
receive control signals from the state machine 350, which
dictate selecting data G,, as the mput on all signal lines
68—71. As aresult, the operation of the logic 84 will generate
a G',, on the output 201, which should equal G, , based on
the above description of the algorithms implemented by the
logic 84.

In the sub-state 505, to calculate G',,, as shown 1n (2), the
state machine 50 dictates that G,,, G,;, G;5 and G, are
selected from the data registers 429, 426, 421, 424 respec-
tively through the MUXS 85-88. The logic 84 thus receives
the four mputs G,,, G,;, G,, and G,, and compares them
according to the operation of function . By way of example,
if G, 1s the maximum and G, 1s the minimum among the
four, inputs, G';, will be the average of G,, and G,, and
output on the signal line 201.

In a similar process, G'5,, G',,, B' and R' can be respec-
tively generated in the sub-states 506—3509 by selecting data
from corresponding registers and performing the function 1.
By doing so, the input RGB Bayer video data in GB pattern
1s successiully converted into GBR4:1:1 video data, 1.e.,
¢, GYy, G'5,, G5, B'and R'. In other words, each pixel
on the input 2x2 pixel block 97a 1s now represented by the
video format 4(G',,, G'y,, G'5,, G',;,)1(B)1(R") pixel data
96a.

In addition, as a benefit provided by the present invention,
the format converter 51 can also compute an average of
Green components of the RGB Bayer or RGB data. Using
the above example i FIG. 6A, 1in the sub-state 510, the
format converter 51 generates an averaged G' by selecting
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tour inputs G,,, G,,, G,,, G,; from the registers 429 and
426, and performing the function {1:

G =G5, G2, Goy, Go )G 12+G5)/2 (7)

As will be discussed 1n greater detail below, the average
value G' of Green color components 1n RGB data pattern
benefits the process of converting RGB color space mto
YUYV color space. The derived GG' 1n the format converter 51
will reduce calculations that are needed in conventional
algorithm. Thus, the VIP 16 obtains more eflicient perfor-
mance 1n its color space conversion.

Similarly, the format converter 51 may convert other data
patterns of RGB Bayer video data into a GBR 4:1:1 format,
such as GR, BG and RG data pattern. FIG. 6B shows an
example of converting RGB Bayer pixel data in GR data
pattern 975 mto 4(G):1(B):1(R) video data.

To generate the 4(G):1(B):1(R) video data, the format
converter 51 1s configured to select proper inputs and
perform the function 1 as follows:

G',=AGo, Gpo, Gy G15)=G5; (8)

G’ =G0, Gy, Gro Goy)s (9)

G5=AG1a, Gop, Gio Go3); (10)

G51=A(G>1, Goy, Go, Go1)=G651; (11)

B'=fB5o, B>, Bos, Bog); (12)

R'=f(R,,, Ry, R3, R3)). (13)

By selecting the varniables a—d in function 1 as shown 1n
the formula (8)-(10), the G',,, G',,, G',,, G',,;, B, R' are
generated in each sub-state as dictated by the state machine
50. The outputs of the format converter 51 will then be used
to represent the data pixels 1 the pixel block 975.

FIG. 6C 1s a graphic representation of converting RGB
Bayer pixel data in BG data pattern 97¢ into 4(G): 1(B):1(R)
video data.

To generate the 4(G):1(B):1(R) video data, the format

converter 51 1s configured to select proper inputs and
perform the function 1 as follows:

G'1,=AGg, Gia, Goo, Gy (14)

G\ =G, Gy, Gy, G )=Gyy; (15)

G55 G, Goo, Goo, G55)=G55; (16)

G5 =G, Go, Gzy, Grg)s (17)

B'=fB 5, B> B B35); (18)

R'=f(R5), Ry, Ry, R3). (19)

Again, by receiving proper inputs as shown i (14)—(19),
the format converter 51 performs the function 1 at each state.
Its output, the G',,, G',,, G',,, G',,, B, R', will then be
available for representing the data pixels in the pixel block
97c.

FIG. 6D 1s a graphical representation of an example of
converting RGB Bayer pixel data in BG data pattern 974
into 4(G):1(B):1(R) video data.

To generate the 4(G):1(B):1(R) video data, the format

converter 51 1s configured to select proper inputs and
perform the function 1 as follows:

G'15=AGg, G, Goo, Gyy)s (20)

G =AG, G, Gri, Gr1)=G6yy; (21)
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GG Gooy Goo, G22)=G2; (22)
G5 G 11, Go Giyp, Ga); (23)
B'=f(B5, By1, Bor, Ba3); (24)
R'=flR 5 Ry5 Ryio Rao). (25)

By doing so, the data corresponding to G',,, G',,, G',,,
G',,, B', R' are generated to represent the data pixels 1n the
pixel block 974.

The examples in FIGS. 6 A—6D show that the format
converter 51 1s capable of performing operations on different
data patterns of RGB Bayer video and deriving the same
GBR4:1:1 video using the same hardware. The description
below continues to discuss the format conversion for other
video formats.

FIGS. 7A and 7B 1illustrate an example of using the format
converter 51 to convert YUV 4:2:2 progressive video data
imnto YUV 4:1:1 format. As mentioned above, the format
converter 51 1s also capable of converting YUV 4:2:2 to

YUV 4:1:1 and demnterlacing YUV 4:2:2 terlaced video.

As shown 1n FIG. 7A, the 2x2 pixel pattern 98, including
the pixels 1a, 15, 2a and 25, corresponds to the pixel data 99
in FIG. 7B, which 1s in YUV 4:2:2 color model, 1.e., the
neighboring two pixels on the same row share the chromi-
nance components U and V. Y, , Y,,, Y, , and Y,, are
respectively the Y components of pixel 1a, 15, 2a and 2b.
U, , and V,  are the chrominance components of pixel 1a.
U, and V, are the chrominance components of pixel 2a.

In one embodiment, to convert the YUV 4:2:2 pixel data
99 1nto YUV 4:1:1 color model, the control signals from the
state machine 50 instruct the logic 84 to perform the
tollowing actions:

Y'ie /Yo Yie Yie Yi)=Y 1 (26)
Y155/ Y16 Yip Yie Yi6)=Y 155 (27)
Yo'u™ M Yow You Youw You)=You; (28)
Yor=AYos You Yop Yop)=Yop; (29)
U U Uler Usgy Ung)=(U1,+U5,)/2; (30)

V,:.f( Vla: Vla: VE-:I: VE-:I):( Vla-l- VE-:I)/z' (3 1)

Similar to what has been described 1n FIGS. 6 A—6D, the
above formula (26)—(31) can implemented by the format
converter 31. In one embodiment, the data corresponding to
Y, .Y, Y, . Y, U .V, . U, and V, are respectively
loaded 1nto registers 420-427. To generate the YUV 4:1:1
video data Y', , Y',,, Y', and Y',,, U' and V' representing
the pixel block 98, the format converter 51 performs func-
tion 1 at each sub-state. For example, to implement the
tformula (26), the format converter 51 can select Yla from the
register 420 as the input video data on the four mputs 68—71.
Thus, the result of performing the function 1, Y', , 1s the
same as Y, . At another sub-state, to generate U' according
to the formula (30), two of the mnputs of the logic 84, e.g.,
the inputs selected by MUXS 85-86, are from the same
register 424 (U, ) and the other two 1nputs of the logic 84
are selected from the same register 426 (U, ). As a result, the
U, and U, will be averaged and output as U' as shown 1n
(30). In a similar way, the V, _ and V,_ can be mput from the
registers 425 and 427 to the logic 84 to generate V' as shown
in (31). By doing so, the format converter 51 uses the same
data path and hardware architecture to convert YUV 4:2:2
progressive mto YUV 4:1:1 as 1t uses to convert RGB Bayer

video data into GBR 4:1:1.
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FIGS. 8A and 8B illustrate an example of how a YUV
4.2:2 interlaced pixel pattern 105 1s de-interlaced. The pixel
pattern 105 1s an example of 2x2 pixels (pixels 1a, 15 on odd
line 1, pixels 3a and 35 on odd line 3 and no pixels on the
cven line 2 1n 105) 1n an interlaced frame. To de-interlace,

video data needs to be generate to represent pixels 2a, 25 on
the even line 2.

FIG. 8B shows that in the pixel data 106, Y, ,Y,,, Y, _,
and Y ,, are respective Y components of pixel 1a, 15, 3a and
3b; U, ., and V,  are the chrominance components of pixel
la; and U, _ and V,_ are the chrominance components of
pixel 3a. The pixel data 106 also does not contain informa-
tion about the pixels 2a and 25 on line 2 since the input video
1s 1nterlaced.

In one embodiment, to derive YUV 4:1:1 de-interlaced
video, e.g., pixel data representing pixels on the two neigh-
boring lines, line 2 and line 3, the control signals mstruct the
format converter 51 to do the following:

Y5, Yo Yie Ve Y3)=(Y1a+Y3,)/2; (32)
Yor=AY 16 Yie Yap Yap)=(Y1p+Y33)/2; (33)
Y./ Yaa Yao Yo Y3,)=Y34 (34)
Y5, A3 Yap Yap Y35)=Y3 (35)
U=AU,,, Uy, Uy, Uy )=U;; (36)
ViV Vag Vag V)=V, (37)

In the above formula, Y', , Y',,, Y5, Y'5,, U and V'
(YUV 4:1:1) represent pixels on line 2 and line 3. By
deriving YUYV data for pixels on line 2, the mnput video data
YUV 4:2:2, 1s not only converted into YUV 4:1:1, but also
1s de-interlaced. For example, the format converter 51 1is

configured to select Y, , Y, , Y, and Y, through MUXS
85-88 to be the respective inputs of the logic 84 to generate
Y', , which 1s the average value of Y, and Y,,. Corre-
spondingly, U' 1s generated by sending the same data U, to
the four imputs of the logic 84 1n one sub-state; V' 1s
generated by selecting V. as the mput to the logic 84 1n
another sub-state. By doing so, all the new YUV 4:1:1 data
1s generated to represent pixels 2a, 25, 3a and 35 based on
the 1nterlaced input video data on line 1 and line 2.

Note that in alternate embodiments, the chrominance

components U' and V' may also be configured as:

U,:ﬂUlm Ulaf: UB.:I: UBJ):(UI.:I+U3:1)/2; (38)

V’:f( Vla? I/;rl b VS-:IJ VS-:I):( Vl-:r_l_ VSa)/z - (3 9)

Thus, U'1s an average of U, and U, _and V'1s the average
of Via and V,_.

Again, the above example shows that the VIP 16 does not
need any extra hardware to handle iterlaced video data. The
above examples in FIGS. 6 A-8B show that irrespective of
the formats of the mput video data to the format converter
51, RGB Bayer, or YUV 4:2:2 progressive or YUV 4:2:2
interlaced, the output of the format converter 51 1s either
GBR 4:1:1 or YUV 4:1:1. These two output formats are
often preferred by video compression technologies. Thus,
the video 1nput video 16 greatly improves the video com-
pression efliciency and the compatibility with different video
sources.

As a brief summarization of the above examples, FIG. 5
1s a flow chart showing the method for performing the
format conversion. As described above, to convert mput
video data into a predetermined format, the mnput video data
1s recerved and selected 100 to enter the logic 84 for format
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conversion. The logic 84 uses its comparers 90a—90d to
compare the input video data and filter out 101 the maximum
and mimmum values of the selected input video data. The
intermediate values of the selected mput video data are
averaged 102 as an output of the format conversion process.
The result of averaging the intermediate values i1s then
output 103 to the next processing step.

It should be noted that the foregoing description of the
format converter 51 and the examples of video format
conversion process are not exhaustive of all the video
formats that can be converted by the format converter 51.
There are a variety of commonly used video formats that are
related to RGB or YUV. One of ordinary skills in the art waill
recognize how to implement the method and use the format
converter 51 to process these video formats into GRB 4:1:1
or YUV 4:1:1 prior to actual video compression.

It should also be understood that although the ratio 4:1:1
among digital video components 1s used for illustrating the
video format conversion process, the present imnvention does
not limait 1ts application to one specific ratio. For example,
the format converter 51 may be configured to convert
different video inputs into a subsampling ratio 4:2:0. It 1s
manifest based on the description of the present invention
that the VIP 16 1s capable of dealing with different video
inputs and achieving desirable characteristics that benefit
other related video conversion process and the following
COMPression process.

FIG. 9 shows an embodiment of the color space converter
52 1n accordance with the present invention. As mentioned
above, video compression technologies usually prefer to
compress the video data that 1s of YUV 4:1:1 format because
of 1ts advantages in saving data storage and transmission
bandwidth. Thus, if the output 201 from the format converter
51 1s GBR 4:1:1, the color space converter 52 converts the
RGB video into YUYV color space. If the output 201 from the
format converter 31 1s already 1n YUV 4:1:1 format, such
YUV video data may simply pass through color space
converter 32 without color space conversion.

As shown 1n FIG. 9, the color space converter 52 includes
a color space conversion storage element 900, a multiplier
111, an adder 112, a multiplier data register 914, and a
coellicient storage module 915. The color space converter 52
has an mput signal line 201 to receive data from the format
converter 51. As understood above, the mnput data from 201
1s typically in GBR 4:1:1 format. The color space converter
52 1s coupled to the scaler 53 through signal line 202. The
output data of the color space converter 52 1s 1n YUV color
space.

In one embodiment, the storage element 900 includes 13
registers, 901-913. These registers 901-913 are used to
store input data, output data as well as intermediate data that
participate 1n the process of converting GBR 4:1:1 into YUV

4:1:1. In one embodiment, each of the registers 901-913 1s
a 9 bit register. The registers 907, 908, 909, 910, 905 and

906, referred to as CC _G00, CC G001, CC G11, and
CC_G11, CC_CB and CC_CR, respectively store the values
Goo, Go1s Gio, Gy, B and R of the mmput GBR 4:1:1 video.
By way of example, G5, Gy, Gyo, Gy, B and R may
correspond to G',,, G',,, G',,, G5, B', R' as generated 1n the
process represented i FIG. 6A. To load the data to the
registers, the mput data on the signal line 201 are latched
into the registers 905-910 according to the heap addresses
provided by the state machine 50.

The registers 901-904, referred to as CC_Y 00, CC_Y 01,
CC_Y10, and CC_Y11, respectively store the value of
luminance components Y4, Yo, Y0, and Y,,, of the YUV
4:1:1 output. Registers 905 and 906 will also store a value
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of chrominance component Cr and Cb, 1.e., U and V. As
described below, a color space conversion algorithm 1is
provided to generate YUV 4:1:1 values and store them in
registers 901-906. The values are further transferred via the
signal line 202 to the scaler 53.

In addition, registers 911 (CC_EB) and 912 (CC_ER) will
store intermediate chrominance values during the operation
of the color space conversion. The register 913, referred to
as CC_T, will also be used to store intermediate values to
participate 1n the color conversion. The detail of intermedi-
ate values will be described below.

In FI1G. 9, the adder 112 1s an ALU (arithmetic logic unit)
that performs addition arithmetic operations needed in the
color space conversion algorithm as provided 1n the present
invention. In one embodiment, the adder 112 adds a 9-bit
signed integer to another 9-bit signed integer. Two inputs
920 and 921 are coupled to the registers 901-913 except
registers 907-910. The adder 112 also writes back the result
to one ol the registers 901-913 through the output 922
according to the heap address provided by the state machine
50. Depending on a mode control, the adder 112 can also
subtract a 9-bit signed integer from another 9-bit signed
integer. The adder 112 may also be coupled to a shiit register
to add an oflset value of 16 1n binary form to the adder 112°s
result.

The multiplier 111 1s capable of performing multiplica-
tions operations that are needed for color space conversion
algorithm. In one embodiment, the multiplier 111 multiplies
a 9-bit signed integer by an 8-bit unsigned integer. The
multiplier 111 receives the first input 918 from the multiplier
data register 914, which 1s referred to as CC_Mb 914, and
the second mput 919 from the co-eflicient storage module
915, which 1s referred to as CC_Ma 915. In one embodi-
ment, the CC_Mb 914 15 a 9 bit register. CC_Mb 914 reads
data from one of the registers 907-912. The second nput
919 from CC_Ma 915 is one of a plurality of pre-determined
constant coetflicients. In one embodiment, the CC_Ma 915
includes 8 bit hard wires to store a plurality of constant
coellicients. A control signal from CBUS register block 307
selects a pre-determined co-etlicient as the mput on 919 of
the multiplier 111. The result of the multiplication in the
multiplier 111 1s written to one of the registers 901-906, and
911-913 through the output 923 according to the heap
address provided by the state machine 50. The output 923 of
the multiplier 111 may also be coupled to a shift register so
as to add an oflset value of 128 1n binary form to a result of
the multiplier 111.

In one implementation, the color space converter 52 also
receives additional control signals from the CBUS register
block 307 and the state machine 30. The color space
converter 52 recerves setup information from the parameter
registers in the block 307. The state machine 50 sends state
signals to the color space converter 52 to enable the space
conversion.

In general, to perform RGB-to-YUYV color space conver-
sion, the color space converter 52 computes the values of
luminance components Y and chrominance components U
and V based on the input RGB data values. Under conven-
tional algorithm, e.g., the one provided by I'TU-R BT. 4702,

a color space conversion algorithm i1s provided as follows:

Y=c219%ey+16, wheremn ey=0.587xG+0.114xB+

0.229%KR; (40)
Ch=c224xepb+128, wherein epb=-0.331xG40.5%

B-0.169%R; and (41
Cr=c224xepr+128, wherein epr=—0.419xG"-0.881x

B+0.500xR. (42)
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(c219 and ¢224 are constants which may conform to gen-
erally accepted color conversion standards)

In this recommended algorithm, the mput GRB 4:1:1
video, e.g., Gy, Gy, Gig, Gyy, B, R, are converted ito
corresponding Y, U, V components. Note that G', stmilar to
what has been described above, 1s an average of Green
components of the input video data. One of ordinary skills
in the art should know there are a variety of ways to compute
the average value of the Green components.

Such recommended algorithm or other conventional algo-
rithms do not provide an optimal approach for the compu-
tations 1n (40)—(42) needed for the color space conversion.
The recommended algorithm typically requires 12 clock
cycles to complete the conversion from GBR 4:1:1 color
space mto YUV 4:1:1. The present invention advanta-
geously provides an algorithm to reduce the number of clock
cycles necessary for color space conversion, thus substan-
tially expediting the color conversion process and making
the entire video compression process more ellicient. In a
preferred embodiment, the color space converter 52 pro-
vides a unique algorithm which uses 11 clock cycles to
complete a color space conversion from GBR 4:1:1 to YUV
4:1:1.

To illustrate the method of the color space conversion,
FIG. 10 shows steps of implementing the algorithm pro-
vided by the present invention. The algorithm starts 121 by
receiving RGB video mput. For example, if the mnput data
correspond to 2x2 pixel block 1n the format of GBR 4:1:1,
the iput data include G,,, G5, G5, G4, R, B, and a value
G' representing the average value of Green color compo-
nents. In one example, G' may be an average of selected
Green components. As illustrated above i FIG. 6A, the
RGB Format converter 51 generates an average value of
G' and G',; and outputs the average value as G' for color
space conversion. In this way, the RGB Format converter 51
also facilitates color space conversion by reducing a step of
computing the averaged G' 1n the color space converter 52.

While receiving the mput values of each G component,
(&', R and B, intermediate chrominance values, B' and R’, are
calculated 122 based on the input G, R and B. One aspect of
the present mnvention simplifies the color space conversion
computation by using a linearnty relationship between the
intermediate chrominance values B' and R', and the chromi-
nance components B, R and an averaged luminance com-
ponent Y' as follows:

Y'=yx G'+Ox5+PxR; (43)
b'=axh-Y'; (44)
R'=axR-Y'; (45)
U=mxbB’; (46)
V=nxR’ (47)

(o, v, 0, ¢, m and n, are co-eflicients)

After deriving the intermediate values B' and R', the
luminance Y components are calculated 123 based on each
of the four G components, B, and R using standard algorithm
provided as shown 1n (48) below. Eventually, the chromi-
nance value U (or Cb) and V (or Cr) are computed by (46)
and (47).

Y=yxG+Oxb+PxR;

(48)

The computed Y, U and V values are then sent 125
through 202 as output of the color space conversion process.
Note that the co-eflicients, ¢, v, 0 and ¢ as well as m and
n, are known according to the linearity relationships defined

10

15

20

25

30

35

40

45

50

55

60

65

24

in (43)—(47) and the conventional color space definition, as
shown 1n (40)—(42). The coeflicients may be selected from
any one of a number of sets which satisfy the above-
referenced definitions as shown in (40)—(47), and may
change depending on the specific application.

In view of the above description, one aspect of the present
invention advantageously reduces the computing loads 1n
the color space conversion by simplifying the process of
deriving chrominance components. One of ordinary skills 1n
the art will recognize that there may be modified algorithms
to compute U or V based on the linearity relationship
described above 1n (43)—(45). All such modified algorithms
should be considered as not departing from the spirit and
principle of the present invention.

FIG. 11 1s a flow chart illustrating the algorithm of color
space conversion for using the hardware design as shown 1n
FIG. 9. Still using the process illustrated 1n FIG. 10, the
input data to be converted corresponds to a 2x2 pixel block
in the format of GBR 4:1:1, which includes g4, 2615 €195 Z114
r, b, and a value g' representing the average value of Green
color components. The result of the color space conversion
will generate van, Vo1, Vi, Vi, U(0r cr), v(or cb) in 11 clock
cycles. Assume at each state of the color space conversion
one 2x2 pixel block 1s processed. According to the present
invention, each step may be completed in one clock cycle.

In a preferred embodiment, the process of loading data
values of 2,4, 2515 €10, €11, P and r may have started in the
previous state. For example, .5, 51> €105 £, 0 have been
received and loaded into the registers 907, 908, 909, 910 and
905 respectively by the end of the previous color conversion
state. The description below will introduce the detail of
preloading the mput video data of a data block from 200 for
next state.

At step 1101, part of the tasks will be a completion of
computing a luminance component Y',, in the previous
state. Y',; 1s generated and stored in the register 904 and
waits to be output on the signal lmme 202. In fact, the
RGB-to-YUYV conversion results of the previous state, Y',.
Y'a1, Y6, Yo, Y, U and V' are still stored in the registers
301-306 and will be output 1n a timely manner so that the
result of the current state, 2,4, 2515 €10, Z11, b and r, can be
stored 1n the storage element 900.

Another part of the tasks of the step 1101 will be the
initiation of a new color conversion cycle for the current
GBR data block by multiplying value b (blue color compo-
nent) with the constant co-eflicient c.. To implement this, the
value b was loaded 1n the register 905 and latched into
CC_Mb 914 for multiplication. The constant a 1s read from
the register CC_Ma 915 and 1nput to the multiplier 111. The
result 1s an intermediate value eb, which 1s written and
stored in CC_Eb 911. The current value of eb corresponds to
the term axB as 1n (44). The final value of eb, as described
below, will be the intermediate chrominance wvalue B'
defined 1n (44). Also 1n step 1101, the data value r of red
component 1s loaded nto the register CC_CR 906 from the
signal line 201 and then into CC_Mb 914 for next multiplier
operation.

At step 1102, an intermediate value er, whose final
outcome 1s the mtermediate chrominance value R' as defined
in (45), 1s derived by multiplying the co-eflicient a with r
and the output er 1s stored in CC_Eb 911. The current value
of er corresponds to axR as shown in (45).

At step 1103, an intermediate value tg i1s obtained by
multiplying the co-eflicient vy with g' and the output is stored
in the register CC_T 913 temporarily. The current value tg
corresponds to yxG' as 1 (43). In a preferred embodiment,
the color space converter 52 can output the value U' (or Cb)
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as generated 1n the previous state and currently stored in the
register 305 to the signal line 202.

At step 1104, two operations occur at the multiplier 111
and the adder 112 respectively. At the multiplier 111, an
intermediate value tb 1s generated from multiplying 0/c with
¢b and 1s stored 1in CC_Cb 905. The value of tb corresponds
to the term OxB 1n (43). er 1s wrntten into CC_Mb 914 and
a co-eilicient ¢/a 1s written mnto CC_Ma 915. Then at the
adder 112, eb and tg are mput to the adder 112 and tg 1s
subtracted from eb. The result of eb 1s still stored in CC Eb
911. The current eb corresponds to a value of axB-yxG' as
shown 1 (43) and (44). Also at this step, the preferred
embodiment of the present invention outputs V' (or Cr) that
1s generated 1n the previous state and currently stored in the
register 306.

At step 1105, the multiplier 111 calculates another inter-
mediate value tr as a result of multiplying the constant ¢/ct.
with er and stores tr at CC_Cr 906. tr corresponds to the term
¢xR as 1 (43). The adder 112 subtracts tg from er and sends
new er back to the register CC_Fr 912. The current value of
er corresponds to the term axR-yxG' as shown 1n (43) and
(45). Also at this step, the converter 52 now outputs Y',, that
1s stored 1n the register 901 as the result of the previous state.

At step 1106, the multiplier 111 derives an intermediate
value tg00 by multiplying v and g,, and stores tg00 at the
register CC_Y 00 901. As understood above, the register 901
1s now available since the result of the previous state Y', has
been output 1n the step 1105. tg00 now corresponds to the
term yxG (YXg,,) 10 (48). As will be mentioned below, tg01
(Yxgq), 1210 (yxg,,) and tgll (yxg,,) will be respectively
computed to derive the four Y components. This step will
also enable the adder 112 to generate an intermediate value
trb by adding tb and tr. trb 1s stored 1n the register CC_T 913,
which corresponds to the term O0xB+¢xR as 1n (43). Again,
the color space converter 52 continues outputting the result
of the previous state by sending the value Y',, stored in the
register 902 to the signal line 202.

At step 1107, the multiplier 111 computes tg01 by mul-
tiplying g,, with co-eflicient v and stores the result 1 the
register CC_Y 01 902, which 1s available after the step 1106.
The adder 112 computes a new value eb by subtracting thr
from the previous value of eb and returns the result to
CC_Eb 911. At this stage, the final value of eb corresponds
to the value of the mtermediate chrominance B' as in (44).
It will be used to compute the chrominance value u(or Cb).
At this step, the value Y',, will be output to the signal line
202. Also at this step, a preferred embodiment of the
converter 52 can start to prepare for the operation at next
state by loading a new value of g',, from the signal line 201
to the register CC_G00 907. Note, the register CC_G00 907
can be overwritten since the value g,, has been used 1n the
step 1106 and will no longer be used 1n the following steps.

At step 1108, the multiplier 111 computes tg10 by mul-
tiplying g,, with co-eflicient v and stores the result in the
register CC_Y10 903. The adder 112 computes the final
value of er by subtracting tbr from the previous value of er
and returns the result to CC_Er 912. Now, the final value of
er corresponds to the value of the intermediate chrominance
R' as defined in (45). It will be used to compute the
chrominance value v(or Cr). This step will also be the last
step of outputting the results of the previous state. It outputs
Y' | to the signal line 202. Thus, the Y'.,,, Y'5,, Y'0, Y' ¢, U’
and V' from the previous state have been all sent out to the
scaler 53 via 202. In addition, the step continues to load next
green component g'y, from the signal line 201 and store 1t
into the register CC_G01 908 for the next state.
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At step 1109, the multiplier 111 computes tgll by mul-
tiplying g,, with co-etlicient y and stores the result in
CC_Y11 904. The adder 112 now computes the luminance
value v, by adding tg00 and tbr that 1s stored in CC_T 913.
If an oflset 1s necessary, a value of 16 1s added to the result
and the result 1s stored in CC_Y 00 901. The computation of
Voo corresponds to the formula (48). As understood, this y,
will not be output to the signal line 202 until the next state.
At the same time, g',, 1s loaded into the converter 52 and
stored 1n the register CC_G10 909.

At step 1110, the multiplier 111 computes the chromi-
nance component Cb by multiplying eb with a constant
co-eflicient m as defined 1n (46). An offset value of 128 1s
added to the result when necessary. The result 1s stored 1n
CC_Cb 905. The adder 112 computes the luminance value
y,, by adding tg0l and tbr that is stored in CC_T 913.
Similarly, 11 an offset 1s necessary, the result adds an offset
value of 16 and 1s stored 1n CC_Y 01 902. At the same time,
g'. . 1s loaded into the converter 52 and stored 1n the register
CC_G10 909 to prepare for next state operation.

At step 1111, the multiplier 111 computes the chromi-
nance component Cr by multiplying er with another constant
co-cllicient n as defined 1n (47). An oflset value of 128 1s
added to the result when necessary. The result is stored in the
register CC_Cr 906 and will be output to the signal line 202
during the next cycle. The adder 112 computes the lumi-
nance value y,, by adding tg10 and tbr. Again, 11 an oflset
1s necessary, a value of 16 1s added to the result the result 1s
stored n CC_Y10 903. Also at this step, a new blue
component value b' 1s loaded and stored into CC_Cb 905 for
next state.

At the step 1112, which 1s the last clock cycle required for
completing the calculation for the current state, the last

remaining luminance component v, 1s computed by adding
tgll and tbr. The result 1s stored in CC_Y11 904. Here, a

new red value r' 1s received and a new value of eb' 1s
computed as a beginming step for the next state. It can be
understood that similar procedures and steps will be 1mple-
mented to perform the color space conversion for the next
state. During the next state, the results of the current states
will be output to the signal line 202 1n a similar manner as
described above.

The steps and data path described 1in FIG. 11 are intro-
duced merely as an example to implement the algorithm for
color space conversion in accordance with the present
invention. Various modifications, changes and variations,
which will be apparent to those skilled 1n the art, may be
made 1n operation and detail of the method for color space
conversion disclosed herein. For example, the actual coet-
ficients may not be exactly identical to what have been
disclosed.

The foregoing discussion discloses and describes various
embodiments of the VIP 16 and 1ts components as well as a
variety of methods to process input video prior to actual
video compression. The present invention provides an
advantageous approach to cope with a wide variety of
analog and digital video formats. The pre-compression pro-
cessing by the VIP 16 achieves a desirable output video
format for ensuing video compression 1 a cost-eflective
manner. The unique algorithm provided hereinwith
improves conventional approach and substantially saves
hardware costs. In addition, the VIP 16 also integrates
multiple video enhancement functionalities. The function-
alities greatly increase the adaptability of a video compres-
s10n system.

The foregoing discussion discloses and describes merely
exemplary methods and embodiments of the present inven-
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tion. As will be understood by those familiar with the art, the
invention may be embodied 1n other specific forms without
departing from the spirit or essential characteristics thereof.
Accordingly, the disclosure of the present invention 1s

intended to be illustrative, but not limiting, of the scope of 5

the 1nvention, which 1s set forth 1n the following claims.

What 1s claimed 1s:

1. A video mput processor, comprising;

a first bufler to store an 1nput video data, the mnput video
data corresponding to values of a plurality of video
components for a video 1mage formatted according to
one of several potential video data formats; and

a video format converter, coupled to the first bufler to
receive the input video data, configured to convert the
input video data from 1ts initial video format to a
uniform video format and to generate a first video
output corresponding to the converted input video data,
wherein the uniform video format corresponds to a
ratio between different components of the mput video
data, the video format converter further comprising;

a storage element, coupled to the first bufler, configured
to receive the mput video data from the first bufler,
and to select and output a portion of the mput video
data responsive to a control signal, wherein the
storage element has a pre-determined number of
outputs; and

a logic module, coupled to the storage element, con-
figured to receive the selected portion of the input
video data from the predetermined number of out-
puts of the storage element, and further configured to
compare the portion of input video data received
from the storage element and to generate an averaged
output by averaging the intermediate values of the
recerved portion of mput video data.

2. The video mput processor of claim 1, wherein the input
video data 1s 1n a format selected from a group consisting of
RGB bayer, YUV 4:2:2 progressive, and YUV 4:2:2 1nter-
laced video.

3. The video imput processor of claim 1, wherein the
storage element comprises:

a plurality of registers for storing the input video data

recetved from the first bufler; and

a plurality of multiplexers, each of which 1s coupled to the
plurality of registers, configured to receive the control
signal, and, each cooperating to select the portion of
mput video data from the plurality of registers to
transier to the logic module via one of the predeter-
mined number of outputs responsive to the control
signal.

4. The video mput processor of claim 1, wherein the logic

module comprises:

a first comparer, receiving a first video input and a second
video 1nput from the predetermined number of outputs
of the storage element, comparing the first video input
and a second video mput and outputting the larger
valued video mput to a first comparer output and
outputting the smaller valued video mput to a second
comparer output;

a second comparer, recerving a third video mmput and a
fourth video mput from the predetermined number of
outputs of the storage element, comparing the third
video mput and the fourth video 1mput, and outputting
the larger valued video input to a third comparer output
and outputting the smaller valued video mput to a
fourth comparer output;

a third comparer, recerving the first comparer output from
the first comparer and the third comparer output from
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the second comparer and configured to compare the
first and third comparer outputs and to output the lesser
valued comparer output as a first comparison result;

the fourth comparer, receiving the second comparer out-
put from the first comparer and the fourth comparer
output from the second comparer and configured to
compare the second and fourth comparer outputs and to
output the greater valued comparer output as a second
comparison result; and

a mean generator, coupled to the third comparer and the
fourth comparer to receirve the first and second com-
parison results, configured to generate an average of the
first and second comparison results as the output of the
logic module.

5. The video mput processor of claim 4, wherein the logic

module further comprises:

a first comparison register, coupled to the first comparer,
configured to store the first comparer output and to
provide the first comparer output to the third comparer;

a second comparison register, coupled to the first com-
parer, configured to store the second comparer output
and to provide the second comparer output to the fourth
comparer;

a third comparison register, coupled to the second com-
parer, configured to store the third comparer output and
to provide the third comparer output to the third com-
parer; and

a fourth comparison register, coupled to the second com-
parer, configured to store the fourth comparer output
and to provide the fourth comparer output to the fourth
comparet.

6. The video mnput processor of claim 1, further compris-

ng:

a color space converter, coupled to the video format
converter, configured to convert the first video output
into a second video output, wherein the second video
output 1s 1n a color-space format that 1s suited for video
compression processing.

7. The video mput processor of claim 6, wherein the first

video output 1s 1n the format of RGB.

8. The video input processor of claim 7, wherein the color
space converter receives an average value ol green color
components from the video format converter.

9. The video input processor of claim 7, wherein the
second video output 1s 1 the YUV 4:1:1 format.

10. The video mput processor of claim 1, further com-
prising:

a video scaler, coupled to the color space converter,
configured to spatially subsample the input video data
to obtain a pre-determined size of output video.

11. The video mput processor of claim 10, wherein the
video scaler has a module configured to generate a QY
parameter for video motion estimation and compensation.

12. The video input processor of claim 10, further com-
prising;:

a second data bufler, coupled to the video scaler, config-
ured to store an output video data and to provide the
output video data for further processing.

13. The video mput processor of claim 12, further com-

prising:

a video-filtering module, coupled to the second buifler,

configured to improve the quality of the stored output
video data 1n the second bufler.

14. The video mput processor of claim 1, further com-
prising:

a sub-window processing module, coupled to a video

source generating the mput video data and to the first




UsS 7,142,251 B2

29

bufler, configured to crop the size of video object
represented by the mnput video data.
15. A method for processing video data prior to video

compression, comprising;

receiving the video data, the video data comprising at
least three video components and being 1n a format
selected from a group consisting of RGB bayer, YUV
4.2:2 progressive and YUV 4:2:2 iterlaced;

selecting a portion of the video data responsive to a
control signal;

outputting, from a pre-determined number of outputs, the
portion of the video data selected;

receiving, by a logic module, the selected portion of the
video data from the predetermined number of outputs;

comparing, by the logic module, the portion of video data
received to generate an averaged output by averaging
the intermediate values of the received portion of video
data; and

generating a first video output by converting the video
data 1nto a pre-determined video format, wherein the
predetermined format corresponds to a ratio between
the video components.

16. The method of claim 15, wherein the ratio between the

different video components 1s 4:1:1.

17. The method of claim 15, further comprising:

performing a color space conversion for the first video
output, wherein the first video output 1s 1n the format of
RGB; and

generating a second video output based on the first video
output, wherein the second video output 1s in the format
of YUV.

18. The method of claim 17, further comprising:

performing a video scaling process for the second video
output; and generating a third video output.
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19. The method of claim 18, further comprising:

storing the third video output; and

performing a video filtering to enhance the stored third
video output.

20. A multi-format video compression system, the system

receiving input video data from various video sources that
generate different formats of the input video data, the system
comprising:

a processor, controlling the operation of the video com-
pression system; and

a video input processor, configured to receive the input
video data in different formats from different video
sources and to convert the input video data in different
formats mto a uniform format to optimize the video
compression 1n response to control signals received
from the processor, the video mput processor further
comprising:

a storage element configured to receive the mput video
data and to select and output a portion of the input
video data responsive to a control signal, wherein the
storage element has a pre-determined number of
outputs; and

a logic module, coupled to the storage element, con-
figured to receive the selected portion of the input
video data from the predetermined number of out-
puts of the storage element, and further configured to
compare the portion of input video data received
from the storage element and to generate an averaged
output by averaging the intermediate values of the
received portion of mput video data.
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